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Description 

ANTI-REFLECTED fflGH EFFICffiNCY LIGHT 
EMITTING DIODE DEVICE 



The present invention relates to a light emitting diode, and in particular, relates to 
an anti-reflected light emitting diode having an ultra-fine prominence and depression 
to increase a l^ht extraction efficiency. 



Generally, a light emitting diode(hereafter referred as 'LED') is a kind of solid-state 
device for converting an electric energy to light, and have two semiconductor 
layers(N-type, and P-type) oppositely doped with each other and an active layer 
positioned between the layers. When a bias is applied to the two semiconductor layers, 
holes and electrons are injected into the active layer to be recombined to generate l^ht. 
The light generated in the active region is omnidirectionally emitted, and a part of the 
light is emitted to the outside of semiconductor chip throigh a surface exposed to the 
outside. 

Recently, as the material for semiconductor is improved, the efficiency of semi- 
conductor chip is also increased. New type LED is made of GaN group material to 
permit an efficient illumination in a spectrum from ultraviolet ray to green ray. As the 
LED is improved, the LED is expected to substitute prior art luting used in a traffic 
s^al lamp, an indoor or outdoor display, a headlight and a tail-light for vehicle, and 
prior art indoor lighting device. However, the prior art LED cannot emit all the l^t 
generated in the active layer. Thus, the efficiency is restricted. 

Hg. 1 is a cross-sectional view of prior art light emitting diode provided with a 
mesh-type ohmic contact. After a N-type semiconductor layer 20, an active layer 30, 
and a P-tj^e semiconductor layer 40 are in sequence deposited on a substrate 10, a 
mesh-type ohmic contact 50b is formed. The mesh-type is a structure having openings 
throigh which a part of the N-type semiconductor layer 40 is exposed. If, the ohmic 
electrode SOb having openings is not formed on the P-type semiconductor layer and, 
instead, a transparence metal(PT) is formed on the layer, a part of l^ght generated in 
the active layer 30 is reflected at the P-type semiconductor layer 40 and the 
transparence metal. Even thoigh a part of l^ht is passed throigh the transparence 
metal, as the l^t is a degree of 400 nm of visual ray, a boundary condition is not 
satisfied in the thin transparence metal having a thickness of a few nm several tens 
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nm to occur a loss of light. Therefore, by applying the ohmic electrode 50b having the 
openings, the light generated in the active layer is passed to the air throigh the 
openings, or throigh the openings and an epoxy resin to reduce the loss of light. 
[5] The LED provided with the ohmic electrode 50b has a problem. The typical 

refractive index of semiconductor material is about 2.2 ^ 3.8, which is h^er than that 
of the air(n=l .0) and encapsulating epoxy(n = 1.5). According to Snell's law, a light, 
with an angle larger than a critical angel, moved from a re^on with high refractive 
index to a region with low refractive index is not passed to the outside and is totally 
reflected to the inside(that is. Total Intemal Reflection : TIR). Therefore, a part of l^ht 
emitted from the active layer 30 cannot be passed throigh a surface, in contact with the 
air or the epoxy, of the P-type semiconductor layer 40 and is totally reflected to the 
inside at the surface. The reflected light continues reflections until absorbed in the 
LED, or is emitted to the outside throigh other surfaces. Thus, there is a problem that a 
light extraction efficiency is lowed in the l^ght emitting diode with the mesh-type 
ohmic electrode. 
Disclosure of Invention 

Technical Solution 

[6] Therefore, an object of the present invention is to solve the problems involved in 

the prior art, and to provide a light emitting diode in which a Ight generated is not 
reflected from a semiconductor layer having an ultra-fine prominence and depression 
structure and is emitted to the outside to increase a Ight extraction efficiency. 

[7] According to one embodiment of the present invention, in a Ight emitting diode 

having a substrate, a N-type semiconductor layer, an active layer for generating l^t 
and a P-type semiconductor layer, the l^t emitting diode further comprises: a first 
exposed re^on formed by etching the active layer and the P-type semiconductor layer 
to partly expose the N-type semiconductor layer; a first ohmic electrode formed on the 
first exposed region; and a second ohmic electrode formed on the P-type semi- 
conductor layer, and having an opening to partly form a second exposed re^on on the 
P-type semiconductor layer. At least a part of the second exposed regjion is formed to 
have an ultra-fine prominence and depression. 

[8] Preferably, at least a part of the first exposed region excepting a portion having the 

first ohmic electrode has a prominence and depression structure. 

[9] According to other embodiment of the present invention, in a light emitting diode 

having a substrate, a N-type semiconductor layer, an active layer for generating light, a 
P-type semiconductor layer, a transparence metal(electrode), and a metal pad for wire 
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bonding the light emitting diode further comprises: a first exposed region formed by 
etching the active layer and the P-type semiconductor layer to expose at least a part of 
the N-type semiconductor layer; and a first ohmic electrode formed on the first 
exposed region. At least a part of the first exposed region excepting a portion having 
the first ohmic electrode is formed to have an ultra-fine prominence and depression. 

In the embodiments, the P-type semiconductor layer is preferably GaN doped with 
Mg the N-type semiconductor layer is preferably GaN doped with S, and the active 
layer is preferably GaN. 

In the embodiments, the ultra-fine prominence and depression is preferably a 
cluster of a cylinder shaped prominrace and depression elements. 

In the embodiments, the cylinder shaped prominence and depression element is 
substantially a cone type, a column type, or a cylinder having the depressed upper end. 

In the embodiments, the width of the prominence and depression element is 
preferably 0.005 - 3jxm, and more preferably 0.01 - O.S|im. The he^t of the 
prominence and depression element is preferably 0.1 Ifxm, and more preferably 0.2 
0.7(im. 

In the embodiments, the width of the prominence and depression element is 0.01 
2 times larger than a peak wavelength of l^t emitted from the hght emitting diode, 
and more preferably 0.1 1 times larger. The height of the prominence and depression 
element is 0.5 ~ 10 times larger than the peak wavelength of light emitted from the 
%ht emitting diode, and more preferably 1-3 times larger. 

In tiie embodiments, the density of the prominence and depression elements is 

2 2 

preferably 1 - 10000/|im , and more preferably 50 - 500/|mi . 

According to the embodiments, the light extraction efficiency can be increased. 

Description of Drawings 

The above objects, other features and advant^es of the present invention will 
become more apparent by describing the preferred embodiment thereof with reference 
to the accompanying drawings, in which: 

Hg. 1 is a cross-sectional view of prior art light emitting diode provided with a 
mesh-type ohmic contact; 

Hg. 2 is a schematic perspective view of a light emitting diode according to one 
embodiment of the present invention; 

I^. 3 is a cross-sectional view taken along line SI in Eg. 2; 

Iig.4 is a cross-sectional view of a light emitting diode according to other 
embodiment of the present invention; 
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Rg. 5 is a diagram showing various examples of a discrete prominence and 
depression element used in an ultra-fine prominence and depression structure formed 
on a light emitting diode according to the present invention; 

I^. 6 is an enlarged picture showing an ultra-fine prominence and depression 
structure of high density; 

Rg. 7 is an enlarged picture showing an ultra-fine prominence and depression 
structure of low density; 

Hg. 8 is an enlarged picture showing a thick ultra-fine prominence and depression 
stracture; 

Bg. 9 is an enlarged picture showing thin ultra-fine prominence and depression 
structure; 

Hg. 10 and 1 1 are schematic diagrams showing an ultra-fine prominence and 
depression structure formed on a l^ht emitting diode according to the present 
invention; and 

Bg. 12 is a graph illustrating the characteristic of optical power of a l^ht emitting 
diode according to the present invention. 
♦Brief Description of reference number* 
10: l^t-permeable sapphire substrate Al: first exposed region 
20: N-type semiconductor layer A2: second exposed region 
30: active layer 60: transparence metal 

40: P-type semiconductor layer 70: metal pad for wire bonding 
SOa: first ohmic electrode 80: air 
SOb: second ohmic electrode 

Best Mode 

Reference will now be made in detail to an anti-reflected high efficiency light 
emitting diode device according to the present invention by using the accompanying 
drawings. In the following explanation, a description throqgh accompanying drawings 
will be added in order to facilitate further complete understanding of the present 
invention, but it is apparent to those skilled in the art that the present invention can be 
carried out without a detailed description of the drawings. In cases, a description of the 
main elements or constituents of the known technolcgy will be omitted if it obscures 
the point of the present invention unnecessarily. This is intended to avoid any 
possibility to obscure the description of the present invention. 

Bg. 2 is a schematic perspective view of a light emitting diode according to one 
embodiment of the present invention, and Bg. 3 is a cross-sectional view taken along 
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line SI inl^. 2. 

[38] With reference to Bg. 2 and Bg. 3, in order to realize the present invention, a N- 

type semiconductor layer 20, an active layer 30 and a P-type semiconductor 40 are in 
sequence formed on a substrate 10 by using an epitaxial process. The substrate 10 can 
be a ^ght-permeable sapphire substrate. The N-type semiconductor layer 20 is formed 
by GaN(Gallium ^Stride) doped with SI, but not restricted to the same. The P-type 
semiconductor layer 40 is formed by GaN doped with Mg but not restricted to the 
same. The active layer 30 formed by one selected from GaN, AlGaN and InGaN, and 
the amount of the Al and the In can be adjusted according to a kind of light generated 
in the active layer. 

[39] Next, a part of the active layer 30 and the P-type semiconductor layer 40 is etched 

by using a photo lithography process to expose the N-type semiconductor layer 20. 
Then, a first exposed re^on Al is formed on the N-type semiconductor layer 20. 
Preferably, the first exposed region Al is formed on the mar^ portions of the N-type 
semiconductor layer 20 by etching the ec(ge portions of the active layer 30 and P-type 
semiconductor layer 40. Then, a first rectangilar shaped ohmic electrode SOa is formed 
on one of the margqi portions of the N-type semiconductor layer 20 by etching the 
active layer 30 and the P-type semiconductor layer 40. 

[40] Next, an ultra-fine prominence and depression structure is formed on the first 

exposed re^on Al excepting the portion having the first ohmic electrode 50a, and on a 
second exposed region A2. The reason why the ultra-fine prominence and depression 
structure is formed is to emit the light generated in the active layer 30 to outside 
without a reflection in the first exposed re^on Al and the second exposed region A2. 
The structure of prominence and depression and method for forming the same will be 
described later with reference to I^. S - Hg. 9. The second exposed region A2 is an 
exposed portion of the P-type semiconductor layer 40 excepting a portion having a 
second ohmic electrode SOb thereon. The exposed region includes portions exposed 
throigh openings of the second ohmic electrode 50b. 

[41] After forming the prominence and depression on the N- and the P-type semi- 

conductor layers, the first ohmic electrode 50a is formed on a part of the first exposed 
region Al, and the second ohmic electrode SOb is formed on the P-type semiconductor 
layer 40 throigh a photo lithography process. 

[42] As the ultra-fine prominence and depression structure is not formed under the first 

ohmic electrode SOa and the second ohmic electrode SOb, the under surfaces of the first 
and the second ohmic electrodes SOa and SOb maintain smoothness. The material for 
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the ohmic electrodes 50a and 50b is selected from any one of Ti, Al, Au, M, Pt, Pd, 
Ag Rh or compound of the elements. If a white metal such as Al, Pt and Cr is used, 
the reflexibility of the under surfaces can be increased. 

In above description, the method for forming the ultra-fine prominence and 
depression structure on the N-type semiconductor layer 20 and the P-type semi- 
conductor layer 40 excepting the portions having the ohmic electrodes 50a and 50b 
thereon before forming the ohmic electrodes 50a and 50b. Ifowever, the ultra-fine 
prominence and depression structure can be formed on the N-type semiconductor layer 
20 and the P-type semiconductor layer 40 excepting the portions having the ohmic 
electrodes 50a and 50b thereon after forming the ohmic electrodes 50a and 50b. In ttiis 
case, the ohmic electrodes function as a self-aligner. 

According to the embodiment, as the l^t generated in the active layer 30 is not 
reflected into the inside of the active layer by the ultra-fine prominence and depression 
stmcture which is formed on the first exposed re^on Al excepting the portion having 
ohmic electrode 50a and on the second exposed regions A2, the light extraction 
efficiency of the ^ght emitting diode is increased. 

Bg. 4 is a cross-sectional view of a l^t emitting diode according to other 
embodiment of the present invention. When comparing the l^ht emitting diode in I^. 
4 with that of Bg. 3, a ultra-fine prominence and depression structure is not formed on 
the P-type semiconductor layer, and a light permeable electrode(transparence metal) 
60 and a metal pad 70 for wire bonding are instead formed on the P-type semi- 
conductor layer in Hg. 4. An ultra-fine prominence and depression structure is formed 
on the first exposed region Al of the N-type semiconductor layer 20 excepting the 
portion having the ohmic electrode 50a as is in Rg. 3. 

According to the embodiment, the light generated in the active layer, which is 
projected into the P-type semiconductor layer 40 with an incidence angle larger than a 
critical angle, is totally reflected to the inside by the l%ht p^meable electrode 60, and 
to be projected into the N-type semiconductor layer 20. The %ht projected into the N- 
type semiconductor layer is reflected qg^in at the bottom of the layer to be emitted to 
the outside of the layer throigh the exposed region Al without a refection. 

Further, in the embodiment, as the first ohmic electrode 50a is formed to have a 
smooth bottom surface as is in Rg. 3, the hght projected to the bottom surface is 
reflected to the inside and emitted to the outside to increase the l^t extraction 
efficiency. 

I^. 5 is a diagram showing various example of a discrete prominence and 
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depression element used in an ultxa-fine prominence and depression structure formed 
on a light emitting diode according to the present invention. 

The ultra-fine prominence and depression structure is a cluster of a cylinder shaped 
prominence and depression elements having a few ?(Angstrom) ^ a few 
nm(nano-meter) dimensions . Each of the prominence and depression elements has a 
different size and shape. The width(w) of the discrete prominence and depression 
element is about 0.005 - 3}im, and preferably 0.01 - O.S^im. The height of the discrete 
prominence and depression element is about 0.1 - Ijxm, and preferably 0.2 - 0.7(an. 

The dimension(width or he^ht) of the prominence and depression element is 
similar to that of a peak wavelength(Xp) of light generated in the ^ght emitting diode. 
The width(w) of the prominence and depression element is 0.01 ^ 2 times larger than 
the peak wavelength of light, and preferably 0.1-1 times. The he^ht of the 
prominence and depression element is 0.5 10 times larger than the peak wavelength 
of light, and preferably 1-3 times larger. 

As shown in Bg. 5, the discrete prominence and depression element has various 
shapes. The shape of the element is generally a cylinder type protruded from the semi- 
conductor layers 20 and 40. More detail, the shape is similar to a cone or a column, or 
is a column having a depressed upper end. A small number of rqggedness ~ tens of 
thousands of rqggedness much smaller than the prominence and depression element 
can be formed on the depressed upper end. 

Bg. 6 - flg. 9 are enlarged pictures showing a prominence and depression 
structure formed on a Ijght emitting diode according to the present invention, ^g. 6 
shows a prominence and depression structure of high density, I^. 7 shows a 
prominence and depression stmcture of low density, ^g. 8 shows a thick prominence 
and depression stracture, and ^g. 9 shows a thin prominence and depression stmcture. 

The term 'density' used in here means the number of the prominence and 
depression element per the unit area[unit/|xm]. The term 'high density' means that 
numbers of rqggedness are densely formed. The density of the prominence and 
depression elements is about 1 - 10000/ ^m^ and more preferably 50 - 5000/|im^. 

The term 'thick' means that the he^ght(h) is smaller than the width(w). 

There are various methods for forming the prominence and depression structure on 
the semiconductor layers 20 and 40. In one method, a metal cluster is formed by 
depositing a metal(Ag Al, Au, Cr, In, Ir, M, Pd, Pb, Pt, Rd, Sn, Ti, W, or a compound 
of the elements) on the first exposed region Al of the N-type semiconductor layer 20 
and on the P-type semiconductor layer 40 and heat-treating the metal in high 
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temperature. Next, the metal cluster in a portion to be formed with the first ohmic 
electrode 50a in the first exposed region and in a portion to be formed with the second 
ohmic electrode 50b in the P-type semiconductor layer 40 is removed by a photo 
lithqgraphy process. Next, the ultra-fine prominence and depression structure is 
formed by diy- or wet-etching the rest of metal cluster on the first exposed region Al 
excepting the portion to be formed with the first ohmic electrode 50a and on the 
second exposed region A2. 
[56] In other method, the prominence and depression structure is formed by etching the 

first exposed region Al excepting the portion to be formed with the first ohmic 
electrode 50a, and the second exposed region A2 using CP and RE throigh a photo 
lithqgraphy process, after growing roighly a silicon compound such as SO and S N 

2 3 4 

on the exposed regions by using a porous growing method. 
[57] Further, after growing silicon compound such as aO andS N , and forming a 

2 3 4 

metal cluster by depositing a metal(Ag Al, Au, Cr, In, Ir, M, Pd, Pb, Pt, Rd, Sn, Ti, W 
or a compound of elements) on the silicon compound and heat-treating the deposited 
metal in high temperature, the prominence and depression structure is formed by se- 
lectively (wet or dry)etching the metal cluster on the first exposed region Al excepting 
the portion to be formed with the first ohmic electrode 50a, and the soqond exposed 
region A2 throigh a photo lithcgraphy process. 

[58] The examples for forming the prominence and depression structure on the semi- 

conductor layers 20 and 40 by using the methods are as follow. 

[59] [Example 1] Mgh Density, Thin type 

[60] Type : Thin type (Width(w) : about 0.01 0.03(xm/ Height(h):about O.S\im) 

[61] Density : about 40 - 70/|xm^ 

[62] Used Metal : M, Au(20? - 50?) (or In, Au and M compound used) 

[63] Heat treating : 550 ~ 650 ^ for 60sec 120sec 

[64] Dry etching : CP treating for SOOsec 

[65] [Example 2] High Density, Thick type 

[66] Type : Thick type (Width(w) : about 0.08 - OASyim/ He^ght(h):about 0.5Mm) 

[67] Density : about 40 ^ 70/(im^ 

[68] Used Metal : M, Au(50? - 100?) (or In, Au and M compound used) 

[69] Heat treating iSSOX:-- 650 °C for 60sec - 120sec 

[70] Dry etching : EP treating for SOOsec 

[71] [Example 3] Low Density, Thin type 

[72] Type : Thin type (Width(w) : about 0.01 - 0.03|im/ He^ght(h):about 0.5|xm) 
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2 

Density : about 4 - 8^|xm 

Used Metal : Ni, Au(20? - 50?) (or In, Au and M compound used) 

Heat treating : 500 °C 600 °C for 20sec - 30sec 

Dry etching : CP treating for 300sec 

[Example 1] High Density, Thin type. Low Height 

Type : Thin type (Width(w) : about 0.08 - 0.15|im/He^ght(h):about 0.3|xm) 
Density : about 40 - 70/|im^ 

Used Metal : M, Au(50? - 100?) (or In, Au and M compound used) 
Heat treating : 550 °C - 650 °C for 60sec - 120sec 
Dry etching : EP treating for SOOsec 

^g. 10 and ^g. 1 1 are schematic diagrams showing an ultra-fine prominence and 
depression structure formed on a light emitting diode according to the present 
invention. With reference to Hg. 10a, there are three layers in the Hg. That is, a semi- 
conductor layer N2, an ultra-fine prominence and depression structure layer Ng and 
air layer are in the Rg. The ultra-fine prominence and depression structure is formed 
on the semiconductor layers 20 and 40, and the surface of the prominence and 
depression structure is in contact with air. The surface can also be in contact with an 
epoxy resin. 

As described above, each of the prominence and depression elements making up 
the prominence and depression stmcture has a width of 0.01 - 0.5pm and a height of 
0.2 0.7(im, which are about 0.1 1 times larger than the peak wavelength^ X. ). 

If the dimensions(w, h) of the prominence and depression element making up the 
prominence and depression structure is made to have a value similar to a wavelength 
of light generated in the active layer, a refi-active index n of the ultra-fine prominence 

cff 

and depression structure is changed in linear firom a refractive index n of the semi- 

2 

conductor layer N2 to a refractive index n^ of the air layer N2. The semiconductor 
layer N2, the ultra4ine prominence and depression layer Ng and the air layer Nl can 
be conceptually represented as in I^. 11. 

As the refractive index is linearly changed along the arrow Z, discontinuity of 
refractive index, that is boundary, is not present. As the boundary is not present, 
TIR(Total Intemal Reflection) phenomenon is not occurred at the boundary. In the 
result, as a reflection is not occurred in the ultra-fine prominence and depression layer 
Ng the ultra-fine prominence and depression layer Ng functions a Anti-reflection 
layer. 

As the theoretical description for the light characteristic in case of a structure 
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smaller than the wavelength of light being in a medium plane is disclosed in 'The 
optical properties of artificial media structured at a subwavelength scale. Encyclopedia 
of Optical Eng^ieering pp. 62-71, 2003*, detailed description will be omitted. 

As the semiconductor layers 20 and 40 are treated to have the anti-reflection layer, 
all of light generated in the active layer is emitted from the semiconductor layers 20 
and 40 to the outside to increase the light extraction efficiency. 

I^. 12 is a graph illustrating the characteristic of optical power of the l^t 
emitting diode according to the present invention. As shown in ^g. 12, the optical 
power of the light emitting diode according to the present invention is much li|gher 
than that of prior art light emitting diode. 

The optical power is different from embodiment to embodiment. As the height of 
the prominence and depression element and the density increase, the effect of the anti 
reflection can be increased. 

While the present invention has been described and illustrated herein with 
reference to the preferred embodiments thereof, it will be apparent to those skilled in 
the art that various modifications and variations can be made therein without departing 
from the spirit and scope of the invention. Thus, it is intended that the present 
invention covers the modifications and variations of this invention that come within 
the scope of the appended claims and their equivalents. 

Industrial Applicability 

According to another aspect of the present invention, as the %ht extraction 
efficiency and the l^t generating efficiency are increased, a Ijght emitting diode with 
high brightness can be fabricated. 

According to other aspect of the present invention, a current supply can be 
smoothly done by employing a mesh-type ohmic contact having the opening to 
increase the light generating efficiency. 

According to another aspect of the present invention, as the %ht extraction 
efficiency and the light generating efficiency are increased, a l^ht emitting diode with 
high brightness can be fabricated. 



